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seems to me that the amount of contraction would be greater than
the mere difference between the dimensions of the moulds when cold
and that of the cooled blocks ? I ask this question because I am
engaged in revising a paper of mine relating to the cooling of the
earth, in which I am inclined to support the view of the solidity of
the globe, though I feel strongly the inadequacy of our means of
arriving at any certainty on the subject."

In reply to this I wrote Mr. Fisher to the effect that allowance
had been made for the expansion of the moulds, amongst other
means, by measuring the moulds whilst hot; but it appears now,
from his published paper, that he has not modified the expressions
made use of in his comments upon my experiments.

Mr. Fisher's paper is a purely, mathematical one, and altogether
beyond the scope of my present communication; yet what I have
already stated is but another proof of the tendency which mathema-
ticians apparently have to treat experimental data in their own way,
overlooking the vital importance of thoroughly sifting their evidence,
or premises on which they base their elaborate reasonings. The
recent notorious case of the Pascal forgeries is but an instance in
point; and a representative of the Press pleasantly remarked that
nobody but a mathematician could have been deceived by such
imperfect evidence.

I I . — O N SOME SUPPOSED LITHODOMOUS PERFORATIONS IN LIMESTON*
ROCKS.

By JOHN ROFE, F.G.S.

[PLATE I.]

WI T H I N the last few months considerable, interest has been
revived xon the question of the origin1 of certain small exca-

vations or borings which have been found in limestone rocks in
different localities in Sicily, France, England, and Wales. The first
public notice of them in England was by Dr. Buckland, whose
attention, when at a meeting of Geologists at Boulogne in 1839, was
called to some borings which had been found in the under-surface
of a ledge of Carboniferous Limestone rock in the BoulonnaiB. • After
this Dr. Buckland examined some similar borings which the Eev. N.
Stapleton had observed near Tenby, and described both caseg,in a
communication to the Geological Society in 1841. About the same time
that Dr. Buckland was engaged with these excavations, M. Constant
Prevost found some similar perforations on Monte Pelegrino, near
Palermo. Mr. C. P. Jopling discovered them in Furness in 1843. M.
Bouchard Chantereaux,who met with them in the Bois des Roches, in
the Bas Boulonnais, has published a memoir on the subject, the result
of many years observation, to which I shall have occasion again to
refer. Mr. Pengelly met with them in many localities in the Torbay
district. They were also found on Birkrigg Common by Miss E
Hodgson, of TJlverston, and were described by her in vol. viL of
The Geologist, p. 42. Mr. Darbyshire has discovered them in North
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Wales. Mr. D. Mackintosh found them in West Lancashire and in
Derbyshire, at greatly varying altitudes; and in the last November
number of the GEOLOGIOAII MAGAZINE they are described by the Eev.
T. G. Bonney as found at the Ormeshead. They have also occa-
sionally been alluded to by other writers as proofs of the elevation
of the coast in various places.

The origin of these holes has been assigned to various agents,—to
atmospheric action or weathering—to the work of Pholades before
the upheaval of the rock from the ocean—to snails—to a chemical
action combined with one of these, and to a mechanical action of
water or other abrading agent. Before, however, we consider which
is the most probable theory, it will be well more fully to describe
the holes and the situations in which they are found. They appear
to be confined to Limestone rocks, or, at least, they have only been
noticed in them hitherto, and with perhaps the exception of Monte
Pelegrino (the age of which I am unable to speak to with certainty),
to the upper Palaeozoic rocks, and to the hard crystalline or semi-
crystalline strata in them; and from the descriptions given by the
above observers, they appear to be similar in their position and in
their size, but those found by Mr. Pengelly are described as some-
what different in shape. I have personally had the opportunity of
examining only those found at Birkrigg, and therefore in my de-
scription will confine myself principally to them.

In May last I was present at a meeting of the Geological Society,
when a paper on "Apparent Lithodomous Perforations," by Mr.
Mackintosh, was read, and I heard the discussion which followed;
but having previously seen some specimens belonging to Miss
Hodgson, I must confess I was not satisfied with the conclusions
arrived at.

On my return into Lancashire, I went to Ulverston, and having
called on Miss Hodgson, was guided by her to the locality in ques-
tion, which I found to be on Birkrigg Common, near the summit
of a hill of mountain Limestone, overlooking Morecambe Bay. The
situation of the rocks is shown on the six-inch scale Ordnance Map
of Lancashire, plate 16, about two and a half miles south of Ulver-
ston, and they are there called " Flat Limestone Eocks," and are,
where the specimen (Fig. 1) was found, about three hundred and fifty
feet above the sea. The common is crossed by several nearly parallel
outcrops of thin but hard beds of mountain Limestone, all dipping
slightly in the same direction, but parted by pasture several yards
wid% growing evidently on the partially denuded surface of the
intervening softer beds (rotten rock), and leaving the basset edges
of the harder beds exposed, and frequently slightly overhanging from
one to two feet above the pasture. These overhanging ledges form
a shelter from the prevailing winds, and the sheep feeding on the
pasture creep under them for protection, and by long and repeated
action the wool on their backs has put a bright polish on the under
surface of the ledge, showing the power of prolonged friction on the-
hard Limestone, even by so soft a substance as wool.

The ideal section, Plate I, Fig. 4, will give a notion of this ar«
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rangement, //representing the strata of hard rock, and gg the softer
beds, which are from 100 to 150 feet from ridge to ridge. The dip
of the strata is greatly exaggerated, as it does not exceed 9°.

It is under the above-named ledges that the borings in question
Occur, and generally near the edge, as will be seen in Fig. 1, PL I ;
but the hole marked b is seven and a half inches from the outside.
The holes are bored upwards into the rock, and all have circular
openings of nearly the same size, a little more or less than seven-
eighths of an inch in diameter; but the chambers within the rook vary
very much in size and shape; some are nearly but not quite straight,
and about the same area of section as at the opening, whilst many
branch into several chambers, as shown on a larger scale in Fig. 2,
which is a horizontal section of the chambers, of which the opening
is seen at a in Fig. 1, the oval aperture being the opening in
perspective. Fig. 3 is a vertical section of the chambers connected
with the hole near the middle of the fracture shown in Fig. 1, the
section of the opening being at the upper part, and the chambers,
it will be seen, are of greater diameter than the opening. I have
forwarded the specimen figured in Plate I. to the British Museum.

The burrows desoribed by the above-named authors, in those cases
in which the direction of the borings is named, are stated to be bored
upwards from the underside, or, where on the face of the rock, in
an upward direction.

The Eev. T. G. Bonney, in his paper in the November (1869) number
of this Magazine, describes the holes as being bored generally upwards,
but of those described in page 486, No. 5 descends slightly, and
No. 6 is at right angles. The borings, however, shown in Fig. 1
in the plate illustrating his paper have very much the appearance
of being vertical sections of burrows, the front halves of which have
been removed with the face of the rock by weathering or fracture,
leaving the other halves as the curved chambers shown in that plate,
and very similar to some fractured chambers at the lower edge of
Fig. 1, PL I, of this paper: in that case (5) might be a chamber
from another boring, and (6) would clearly be a chamber from (8).
I am the more inclined to think this to be the case, as Mr. Bonney
describes some of the channels to be much weathered.

We may now consider the origin of these holes: first, then, as to
atmospheric action or weathering. The appearance as well as the
situation of the holes is altogether opposed to this theory, as they
are mostly on the ttnder-surface of the rock, where no rain could
possibly get to them, either directly, by splashing, or by percolation;
and they are generally in sound hard beds, and in those cases where
they are on the face of the rock, they are stated to be in sheltered
situations and bored upwards. Surely we have no right to assume
such partial atmospheric action as would account for holes so deep
in proportion to their diameter, and particularly as, from their posi-
tion, moisture could not lodge in them. It has been suggested that
possibly they might be caused by a decomposition of the rook, by
which fossils have been loosened and have fallen out, leaving the
cavities; but this is met by the fact that most, if not all, the holes
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are in hard rock, in which metamorphism has obliterated almost
every trace of'organism: even when fossils are found, the holes
are sometimes bored through them, or partly through them, and
partly through the rock. Miss Hodgson, to whose paper I have
alluded, has a specimen in which the hole is bored partly through
a Cyatliophyllum longitudinally, and partly through the Limestone,
which appears to be softer than the coral, as the hole is rather flatter
on the side passing through the coral, showing that the worker
inclined to the softer material. I believe generally, but certainly in
the mountain Limestone of Lancashire, in every case where there
are fossils, they are not acted upon by the weather so easily as is
the rock in which they are imbedded, and therefore would not be
likely to decay and fall out of their beds and leave holes; but, on
the contrary, the limestone weathers away from them, and in many
cases leaves the fossils beautifully clean, well displayed, and project-
ing from stone, as must be familiar to any observant person on the
roughly built boundary walls in any fossiliferous Mountain Lime-
stone district. In all these cases, rain or other water has free
access to them, first to disintegrate the matrix, and then to wash
away the debris.

The action of rain, or of the carbonic acid contained in rain-water,
on limestone, is well known, and the effects of this weathering is
perhaps as well shown at Birkrigg as anywhere, but it is on the
surface of the rocks which are exposed to this action that we find
the effects, and not on the sheltered portion; and as the exposed
rocks vary in hardness, probably from metamorphosed fossils con-
tained in them, the stones take -many fantastic shapes, and are
collected for artificial rookeries. But to return to the borings, the
interior surface of these is smooth, except some very slight circular
marking round the cell, suggestive of a grinding action; and that
this action is quite recent is shown by the state of some of the holes,
the lower portion, or that nearest the opening, being tinged slightly
green by a microscopic vegetation, whilst the -upper or last ex-
cavated portion is perfectly fresh and white, having a fine granular
appearance very similar to what is given by washing the limestone
with dilute acid and allowing it to dry. This variation in the
appearance of the surface of the chambers has been noticed both
by M. Bouchard and by Mr. Bonney. The action of the atmosphere,
however, leaves a roughness and a quasi-columnar appearance, which
at once distinguishes it from the surface of the borings, as is very
evident when.a boring has been fractured at the edge of the rock,
and the section of it exposed to the action of rain, some cases of
which occur on the edges of Fig. 1, where the effect of weather is
strongly marked.

The next supposition is that they are the holes of Pholades,
excavated before the elevation of the rock above the sea, and thus
may be used as a proof and measure of such elevation; and this in
reality is the principal geological interest connected with these
holes. Against this theory Birkrigg is a strong case, for the
burrows are in the underside of a nearly level rock, and bored
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upwards, which is contrary to the habit of the Pholades, as they
bore downwards, and make their holes pyriform to fit their shells;
but these at Birkrigg, as well as those in the Boulonnais, at Tenby,
and at the Ormeshead, are of a great variety of shapes, and seem, in
some cases, to have had several inhabitants at once. Nor are the
holes at all similar (except at the opening) to those made by any of
the Pholades.

Even supposing the holes might be similar to Pholat borings, it
is scarcely possible to believe that thin and exposed ridges of lime-
stone, like those in question, would not have been weathered and
denuded so as to have destroyed every trace of such comparatively
superficial apertures, during the many ages which must have passed
since their elevation; that being probably anterior to the Glacial
period, or, if since that period, they must have been denuded of the
glacial drift or Boulder-clay then left on them without being them-
selves materially acted upon.

We may now consider the action of snails, which appear to
abound wherever these borings occur, and which are very fre-
quently found, alive or dead, in the holes. M. Constant Prevost,
who, many years since, found excavations in the hard crystalline
marble of Monte Pelegrino, near Palermo, did not hesitate to
ascribe them to the Helices which he found in them, and most of
the authors above alluded to mention the presence of snails, or their
shells, in the holes; and although finding a snail in a hole cer-
tainly is no proof that it made the hole, still, when snails are
repeatedly foiiftd in holes made in situations which they usually
frequent, it is strongly suggestive of their agency; and when we
have reason to believe that they have the power of making them, I
cannot think we can be wrong in giving them the credit. At first
it may excite surprise that a snail should have power to drill into
a hard Crystalline Limestone Eock, but we do know that the
Gasteropods are furnished with a lingual band of teeth which " can
be used like a file for the abrasion of very hard substances. With
them the limpet rasps the stony nullipore," and " the whelk bores
holes in other shells."1 M. Bouchard watched these excavations in
the " Bois des Koches" for many years with great care, and from
time to time measured their progress, which left in his mind no
doubt of the fact that they were made by the snails; but assuming
that to be so, the question suggested itself—How do they' work
upon the rock, mechanically or chemically, or by both means?

' M. Bouchard advocated the chemical theory, and has made observa-
tions on the mucus or slime which the snail leaves in its trail, and
which he believed has corrosive action, although he could find no
trace of any free acid in it. This action of the slime appears to me to
be very doubtful, as there is no trace of any corrosive action on the
polished surface of rook at Birkrigg, above alluded to, and which
must have been repeatedly passed over by the snail in going to and
from its hole. Miss Hodgson states (in the Geologist, vol. vii. p. 43)
that she tried the fluid secreted by the snail wh«n crawling, and

1 Dr. S. P. "Woodward; Manual of the Mollusca, p. 27.
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that " when the animal is merely gliding along and not using the
tongue, a little bubble of fluid is constantly, at short intervals,
emitted from the mouth, which partially opens for the purpose. I
have repeatedly saturated strips of litmus paper in this fluid, both
at the head and all along the foot, but have entirely failed to detect
any pink colouring denoting the presence of an acid." M. Bouchard,
however, found that if he removed the snail whilst in the act of
perforating the limestone, the exudation from its mouth did redden
litmus paper, showing that the secretion was then acid. Professor
Huxley states that the commonly called palate of the Mollusca,
which he names the odontophore, "consists essentially of a carti-
laginous strap which bears a long series of transversely disposed
teeth. The ends of the strap are connected with muscles attached
to the upper and lower surface of the hinder extremities of the
cartilaginous cushions, and these muscles, by their "alternate con-
tractions, cause the toothed strap to work backwards and forwards
over the end of the pulley formed by its anterior end. The strap
consequently acts after the fashion of a chain-saw (or rather of a rasp)
upon any substance to which it is applied Besides the
chain-saw like motion of the strap, the odontophore may be capable
of a licking or scraping motion as a whole." 1

From this it appears most probable that to the odontophore of the
snail we must look for the tool by which this work is carried on,
and, from the above observation of M. Bouchard, to all appearance
with the aid of an acid which may possibly be secreted by the salivary
glands, excited by the alternate action of the above strap, analogous
to the action of mastication on our salivary glands; and although
our saliva may not be acid, the effect of the action may be the same,
though the secretions differ. In our case the acid necessary is
secreted with the gastric fluid during digestion; in that of the snail
the acid solvent would be secreted as required to assist the action on
the limestone. But supposing these surmises to be incorrect, and
that there is no chemical action, the mechanical effect of the file-like
'teeth would probably suffice for the purpose, though not so rapidly.
The action of fine sand-paper on marble will illustrate this, as the
odontophore. acts in the same manner.

It has also been suggested that these holes were originally made
by the Photos, and that, after the elevation of the land, they were
enlarged by snails ; but I cannot see anything to justify the suppo-
sition^ as, if it is admitted that snails could enlarge the holes and
make: fresh chambers in them, surely they must have power to
commence them, and the action of the Pholas would be quite unne-
cessary. But a difference in the habits and nature of the Pholas and
snail must be considered, which in itself appears fatal to the suppo-
sition of joint action. The burrows of the Pholas are described by
Dr. "S. P. Woodward* as vertical and quite symmetrical, whilst those
in question are never either the one or the other. The Pholas, being
aquatic and requiring water for breathing, makes its hole down-
wards, so as to retain some moisture when the tide recedes; whilst
> Elements of Comparative Anatomy, p. 36. ' Manual of the Mollusca, p. 327.
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the snail, being air-breathing, always takes a reverse position; and
any one who will examine an old wall when snails are bybernating
will find them attached most frequently to the roof of a cavity with
their shells downwards, sometimes on an upright part distant from
the opening in the wall through which they enter; but I have never
seen one on the floor of the cavity, or anywhere where water could
accumulate : arid it is precisely in accordance with this habit and in
such shaded situations that these holes are found, and which are
bored upwards for the same reasons. The same holes, therefore,
would not be suitable for the aquatic and the air-breathing Molluscs :
what would be life to the one would be death to the other.

In conclusion, the fair inference to be drawn from the foregoing
appears to be that the holes and chambers in' question are not the
work, even partially, of Pholades, or of any other: marine Mollusc,
and therefore are of no value as a testimony to any movement or
elevation of the land. But, all the facts being considered, as well
as the distribution of the holes in so many limestone districts where
snails abound, at such various altitudes, and so far asunder, the
position of the holes and their form agreeing with the habit of the
Mollusc, it may reasonably be assumed that Dr. Budkland was
correct in the conclusion he drew, in his paper published in 1841,
that the holes were made by Helices—not* however, as M. Bouchard
supposed, by the chemical action of the snail' secretidn alone, but by
the mechanical rasping action of its odontophore, assisted, possibly,
by an acid secretion from its mouth.

HI .—BANDED AND BRECCIATED CONCBETIONS.,

By JOHN RUSKIN, LL.D., F.G.S.

(PLATE II.) •

(Continued from the December (1869) Number, page 534.)

TTTE have now, I think; obtained sufficient evidence that the
W disposition of differenfly coloured or composed bands in agate
is in most cases the result of crystalline segregation.' We shall
find, also, that "the order of thiB segregation is constant!under given
conditions; and that, with fixed1 proportions of elements and fixed
rate of cooling and drying, the agate' will necessarily produce itself
in a riband of a fixed succession or pattern of stripes: a spectrum
of substa'nces, which, if we had observed data enough^ we might
read like a spectrum of light; inferring, riot the nature of the
elements frdnv its bars of colour, but the: former conditions of solu-
tion from the bars of elements. • '•'.':. .

When the'stone" has been undisturbed, this riband or chord of its
constituent elements will necessarily form quietly round it, either in
its nest, or on its nucleus, with phases of level or vertical deposit
under peculiar circumstances. But when the congelation has been
disturbed, the chord of elements is broken up, and may then be
traced here and there about the stone, forming where it may, and as


